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Abstract. We present a conceptual model that shows how hysteresis can emerge in dynamic 39 
island systems given simple constraints on trait-mediated processes. Over time, many islands 40 
cycle between phases of increasing and decreasing size and connectivity to a mainland species 41 
pool. As these phases alternate, the dominant process driving species composition switches 42 
between colonization and extinction. Both processes are mediated by interactions between 43 
organismal traits and environmental constraints: colonization probability is affected by a 44 
species’ ability to cross the intervening matrix between a population source and the island; 45 
population persistence (or extinction) is driven by the minimum spatial requirements for 46 
sustaining an isolated population. Because different suites of traits often mediate these two 47 
processes, similar environmental conditions can lead to differences in species compositions at 48 
two points of time. Thus, the Constraint-based model of Dynamic Island Biogeography (C-DIB) 49 
illustrates the possible role of hysteresis—the dependency of outcomes not only on the current 50 
system state but also the system’s history of environmental change—in affecting populations 51 
and communities in insular systems. The model provides a framework upon which additional 52 
considerations of lag times, biotic interactions, evolution, and other processes can be 53 
incorporated. Importantly, it provides a testable framework to study the physical and biological 54 
constraints on populations and communities across diverse taxa, scales, and systems. 55 
 56 
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Introduction 61 
The Earth is dynamic and many natural systems cycle in predictable ways. Landscapes change 62 
over space and time, resulting in patches of habitats that expand and contract, appear and 63 
disappear, connect and disconnect. For example, cycles of variation in the Earth’s orbit 64 
identified by Milutin Milankovich drive global climate change over geological time scales 65 
(Jansson and Dynesius 2002). Throughout the Pleistocene, these cycles caused repeated sea-66 
level changes as well as latitudinal and elevational shifts in climate, creating archipelagos of real 67 
(e.g., continental islands) and habitat islands (e.g., mountaintop ‘islands’) that changed through 68 
time (see Box 1a and b). Over shorter time scales, natural and anthropogenic forces shape 69 
similar cycles as habitat patches are alternately fragmented and united by disturbance and 70 
succession (Box 1c). As fundamental features of the planet, these cyclical and predictable 71 
changes have arguably played a major role in affecting species distributions, population and 72 
community composition, and the generation and maintenance of biodiversity. 73 
 Such environmental change in continental islands and habitat patches can alter both 74 
island size as well as connectivity to larger contiguous areas of similar habitat (i.e., the 75 
mainland). As these systems undergo environmental cycles, changes in the insular community 76 
composition are dominated by two distinct phases: i) colonization leads to higher species 77 
richness during periods of increasing connectivity as the intervening matrix separating an island 78 
from the mainland becomes shorter and/or easier to traverse; and ii) extinction reduces species 79 
richness during periods of decreasing area as an island’s capacity to support populations 80 
declines (Box 1). The importance of these two processes was central to MacArthur and Wilson's 81 
(1963, 1967) equilibrium theory of island biogeography (ETIB), which made predictions for the 82 
equilibrium species richness on environmentally static islands with dynamic immigration and 83 
extinction. Recent extensions have incorporated the dynamic nature of oceanic island 84 
environments to explore how island progression through birth, growth, decay, and re-85 
submergence affects biological communities (Heaney 2000, Heaney 2007, Whittaker et al. 2008, 86 
Warren et al. 2015, Weigelt et al. 2016, Lenzner et al. 2017, Whittaker et al. 2017). In parallel, a 87 
surge of studies has begun to incorporate trait-based approaches for studying ecology and 88 
biodiversity (e.g., McGill et al. 2006, Violle et al. 2014, Enquist et al. 2015) and community 89 
assembly (Shipley et al. 2006, Shipley  2010, Shipley 2015, and Vellend 2016). Yet, a complete 90 
picture of how trait-mediated constraints influence species distributions on dynamic islands, in 91 
particular those that undergo cyclical change, remains elusive. 92 
 93 
[Place Box 1 Here] 94 
 95 
 To fill this void, we present a conceptual model describing how the environmental cycles 96 
that drive island dynamics can shift the ecological constraints that influence colonization and 97 
extinction. Recent extensions of the classic ETIB have begun to identify how differences in 98 
functional traits can mediate colonization and extinction processes (Kirmer et al. 2008, 99 
Laurance 2008, Okie and Brown 2009, Vellend 2016, Jacquet et al. 2017, Leibold & Chase 2018). 100 
We build on this work by incorporating the interactions of key functional traits with dynamic 101 
environmental constraints to predict species composition in insular systems. Our model 102 
predicts a possible role of hysteresis—the dependency of outcomes not only on the current 103 
system state but also the system’s history of environmental change—in shaping the biodiversity 104 
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of dynamic island systems. Specifically, we demonstrate how the distribution of populations 105 
and community composition can depend not only on the current system state but also on the 106 
history of environmental cycles. Hysteresis has been identified as an emergent property of 107 
many complex systems, such as in the context of multiple stable ecosystem states (Scheffer et 108 
al. 2001, Sternberg 2001, May et al. 2008, Scheffer 2009, Scheffer et al. 2009, Hirota et al. 2011). 109 
Leveraging the cyclical nature of certain insular systems may provide a powerful way to 110 
understanding how hysteresis in complex ecological systems can emerge from simple 111 
constraints on species functional traits (Chase 2003, Fukami and Nakajima 2011). 112 
 113 
A Constraint-based model of Dynamic Island Biogeography 114 
Here we present a Constraint-based model of Dynamic Island Biogeography (C-DIB) that 115 
combines the dynamic nature of island size and connectivity with trait-based constraints on 116 
colonization and extinction. The model predicts the presence or absence of populations for a 117 
given species at any temporal point along environmental cycles (Box 2: Single species model). 118 
When applied across all species within the mainland source pool, the model predicts an island 119 
candidate species pool – the set of species available for local community assembly (Box 3: 120 
Community model). We begin with a straightforward conceptual model that deliberately makes 121 
simplifying assumptions regarding time lags, biotic interactions, evolutionary stasis, and other 122 
important biological processes. We conclude with suggestions for further evaluation of the C-123 
DIB through empirical testing and simulation studies, which should provide insights into the 124 
context-dependent roles that these additional biological realities play. 125 
 126 
Colonization 127 
The probability of species colonization has classically been linked to traits that constrain 128 
individual dispersal ability (MacArthur and Wilson 1967). The capacity for flying, rafting, or 129 
drifting facilitates crossing barriers and corresponds to quantifiable traits such as wing loading 130 
in birds (Hamilton 1961), swimming ability in terrestrial mammals (Meijaard 2001), and cluster 131 
size in seeds (Seidler and Plotkin 2006). Similarly, traits such as body size and home range are 132 
indicative of dispersal distance in terrestrial mammals (Bowman et al. 2002), and experimental 133 
behavioral tests have shown that variation in willingness to traverse open areas can explain 134 
colonization patterns in forest birds of insular systems (Moore et al. 2008). in addition to such 135 
individual-level processes, the establishment of populations across a matrix via corridors and 136 
stepping-stones can be a primary means of colonization (Baum et al. 2004). At one extreme, the 137 
matrix separating islands from the mainland can be entirely inhospitable. For example, the 138 
saline ocean that isolates continental-shelf islands is physiologically intolerable to most 139 
amphibians. However, In many other insular systems, the barriers separating patches from 140 
nearby areas of contiguous similar habitat are less discrete (Laurance 2008, Prevedello and 141 
Vieira 2010). These intervening regions can be viewed as semi-permeable, with suitability 142 
varying among species depending on their dispersal capacity and demography in the conditions 143 
throughout the matrix (Lomolino 1993, Åberg et al. 1995, Stouffer and Bierregaard 1995, 144 
Keymer et al. 2000, Grayson 2006, Waltari and Guralnick 2009). Conceptually, island 145 
connectivity can be quantified as the environmental similarity of conditions in the matrix 146 
compared with those found on the island, with high connectivity relating to higher overall 147 
probabilities of colonization (Prevedello and Vieira 2010). Colonization is further influenced by 148 
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species-specific tolerances to the matrix conditions. Information on natural history (e.g., Brown, 149 
1971) and physiological limits (e.g., Kearney and Porter 2009) in combination with ecological 150 
niche modeling (Peterson et al. 2011, Soley-Guardia et al. 2016, Kass et al. 2018) and landscape 151 
resistance models (Howell et al. 2018) can inform measures of environmental suitability that 152 
indicate how colonization probabilities vary among species (Collinge 2000, Hunter 2002). 153 
 154 
[Place Box 2 here] 155 
 156 
Extinction 157 
The persistence of species on islands is tied to the capacity of the island to support viable 158 
populations. In general, because larger islands can sustain a greater number of individuals, the 159 
probability of extinction decreases with island size. Hence, larger islands generally have higher 160 
species richness (MacArthur and Wilson 1963, 1967). As an island shrinks due to environmental 161 
change, extinction is predicted to affect species differently depending on organismal traits that 162 
influence the area necessary to support a minimum viable population (Shaffer 1981, Soulé 163 
1987). Indeed, body size and trophic level have been associated with differential extinction risk 164 
among island species (Brown 1971, Oksanen et al. 1981, Patterson 1987, Lessa and Farina 1996, 165 
Marquet and Taper 1998, Crooks 2002, Okie and Brown 2009, Holt 2009, Boyer and Jetz 2014, 166 
Crooks et al 2017). In mammals, these traits are known to be strongly linked to individual 167 
resource requirements, space use, and population density (Damuth 1981, Silva and Downing 168 
1995, Carbone and Gittleman 2002, Marquet 2002). Additionally, larger islands tend to contain 169 
a greater diversity of habitats and resource types, allowing more specialists to occur, whereas 170 
smaller islands should feature a higher proportion of generalists (Brown 1971, Okie and Brown 171 
2009). Body size and trophic level are conveniently quantifiable traits (including from fossils). 172 
These can be incorporated into allometric scaling relationships to make general predictions of 173 
species resource and space requirements to inform extinction probabilities (Marquet and Taper 174 
1998, Ritchie and Olff 1999, Shipley et al. 2006, Okie and Brown 2009, Ritchie 2010, Shipley 175 
2015). 176 
 177 
Predicting population dynamics of single species 178 
The C-DIB indicates how in dynamic insular systems, organismal traits such as those outlined 179 
above interact with changing environmental constraints to affect species presence and absence. 180 
Because different suites of traits often mediate the likelihood of successful colonization and the 181 
avoidance of extinction, the presence of a population of a given species on a particular island 182 
depends not only on current conditions but also on the history of the system. An island 183 
population will become extirpated if environmental change reduces the area of suitable habitat 184 
below the minimum threshold necessary to support a viable number of individuals (Marqut and 185 
Taper 1998, Mouquet and Loreau 2003, Stephens 2016). Even if future environmental change 186 
restores conditions to a sufficiently large suitable area, a population will only reestablish if 187 
matrix conditions (i.e., distance or matrix composition) become amenable for colonization. 188 
Hence, a species can be absent from an island that it previously inhabited, even when current 189 
conditions are favorable for supporting a population (e.g. Box 2, time T4, islands c and d). While 190 
previous work on alternative stable states in ecology has typically considered changes at the 191 
ecosystem level (e.g., Sternberg 2001, Scheffer et al. 2001, May et al. 2008, Scheffer 2009, 192 
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Hirota et al. 2011), the outcomes described here for insular systems essentially provide 193 
illustration of alternative stable states at the population level. For example, reversing the 194 
environmental change for a particular island species (e.g., extinction) will not necessarily result 195 
in reversion to the original state (e.g., re-colonization). This hysteresis in the system is 196 
contingent on the trajectory of environmental cycles. A species is only expected to occur in 197 
patches that have experienced conditions favorable for colonization, followed by a continuous 198 
period where island area is maintained above the minimum required to support a viable 199 
population (e.g. Box 2, T4, island b). The C-DIB additionally predicts the absence of species on 200 
current patches with sufficiently large areas, providing that past levels of connectivity were not 201 
suitable for colonization to occur. 202 
 203 
Predicting candidate species pools for local community assembly 204 
The C-DIB also provides insights into how retracing the history of colonization and extinction for 205 
each species within the mainland source pool predicts the candidate species expected to occur 206 
in the local insular community. Combining the expectations for various individual species 207 
following the logical model presented above makes the novel prediction of asymmetrical 208 
change in island community composition due to the trajectory of environmental cycle (Box 3: 209 
community model; see also predictions in Box 4). The most recent species to go extinct during a 210 
period of decreasing island size and connectivity will not necessarily be the first to recolonize 211 
when the island system reverses its trajectory and returns to earlier environmental states. Thus, 212 
an island can exhibit identical area and connectivity to the mainland at distinct points in time 213 
but host different sets of species (e.g. Box 3, times T2 and T4 in Cycle I and T2 and T6 in Cycle II; 214 
or times T3 in Cycle I and T3 and T5 in Cycle II). In operational terms, the candidate species 215 
expected for local community assembly on an island will depend on: i) current island conditions 216 
(the environmental position in the cycle), ii) the trajectory of recent environmental change (the 217 
current phase of the cycle; see Box 3, environmental cycle 1), and iii) the magnitude of 218 
environmental change that occurred during previous cycles (see Box 3, environmental Cycle 2). 219 
 220 
[Place Box 3 here] 221 
 222 
Model generality—Functional traits and island types 223 
The C-DIB model should apply generally to a wide range of taxa, island systems, and to 224 
environmental cycles that occur over various timescales. The functional traits that mediate 225 
colonization and extinction in each system may differ depending on taxa and island type. 226 
Natural history knowledge of the system and taxa studied should guide selection of the most 227 
informative and useful traits in implementing the model. For example, the barriers separating 228 
any type of island from the source or mainland populations can relate to a wide range of 229 
environmental filters—including gradients in temperature, soil acidity, vegetation type, ocean 230 
depth, or degree of fragmentation (Prevedello and Vieira 2010). In each case, different 231 
organismal traits (e.g., thermal physiology, pH tolerance, soil or habitat preference) will drive 232 
the colonization process and species distributions. A key assumption to developing specific 233 
predictions from the C-DIB model, however, is that variation in key traits is greater among 234 
species than within (McGill et al. 2006). 235 
  7 
 While all insular systems are subject to this general framework regarding colonization 236 
and extinction, the dynamics of these processes will vary depending on the nature and cause of 237 
environmental change (Box 1). Differences in island characteristics (and the environmental 238 
drivers of their cycling) will determine the duration and importance of extinction and 239 
colonization phases in shaping population and community-level processes. In the case of 240 
continental islands, it is expected that extinction will be the primary driver in species 241 
composition until a connection with the mainland is reestablished, allowing species to 242 
recolonize (Box 1a). In contrast, disturbance-isolated habitat patches should experience an 243 
initial wave of extinction followed by a period of gradual recolonization as the (semi-244 
permeable) matrix recovers (Box 1c; Butaye et al. 2001). 245 
 246 
Support from montane “sky islands” 247 
Glacial–interglacial cycles provide exemplary “natural experiments” for evaluating predictions 248 
of the C-DIB model (Box 4) over large spatial extents and time scales. Warming climate and 249 
rising sea level since the last glacial maximum continue to cause many mountaintop and 250 
continental shelf islands to shrink. It is not surprising that many such systems have undergone 251 
community disassembly via the extinction process (Patterson 1987, Wright and Reeves 1992, 252 
Lomolino 1993), for example, with their mammalian communities often losing the largest 253 
species and carnivores first (Brown 1971, Okie and Brown 2009). The “sky islands” of the Great 254 
Basin in western North America have been instrumental in both inspiring and evaluating 255 
biogeographic theory by highlighting historical factors that have influenced current 256 
communities (Brown 1971, Grayson and Livingston 1993, Rickart 2001, Rowe 2009). The extent 257 
of boreal forests in the Great Basin has cycled from expansive coverage, including both 258 
mountains and low-lying areas during glacial maxima, to isolated patches on mountaintops 259 
surrounded by a matrix of lowland desert scrub during interglacial. The forest habitats on these 260 
sky islands have been isolated from more contiguous boreal habitats in the Rocky Mountains 261 
since the shift out of the Last Glacial Maximum. However, the highest-elevation vegetation 262 
types (yellow pine, spruce, and fir) were probably not connected even during glacial times 263 
(Brown 1971). Supporting predictions of trait-mediated extinction, the smallest patches in 264 
these sky islands host mammalian communities characterized not only by lower richness but 265 
also: i) reduction in the range of body sizes present, ii) fewer species at high trophic levels, and 266 
iii) lack of specialists (Brown 1971, Grayson and Livingston 1993).  267 
 More recent evidence from the Great Basin sky islands has begun to reveal how the 268 
distribution of mammals across mountain top communities has been further shaped by trait-269 
mediated colonization. Waltari and Guralnick (2009) used ecological niche models and 270 
reconstructions of past environments to quantify areas of suitable environment for montane 271 
species in the present; they then projected those models to the Last Glacial Maximum. Their 272 
finding that habitat connectivity varies among species and between time periods is consistent 273 
with previous observations that several species inhabiting nearby ranges of the Rocky 274 
Mountains – particularly those associated with yellow pine, spruce, and fir forests at the 275 
highest elevations – are not found in the sky islands despite suitable habitat area existing there 276 
today (Brown 1971). We argue that this provides preliminary support for the C-DIB model and 277 
shows the utility of using paleo-reconstructed niche modeling to further evaluate the hysteresis 278 
prediction of the C-DIB model (Box 4), where similar current island states can have different 279 
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community composition due to previous environments. Moreover, the vastly different 280 
continental shelf islands of the Sunda Shelf in Southeast Asia show striking similarities in these 281 
patterns (Okie and Brown 2009, Burger et al. 2018), supporting predictions of the non-random 282 
extinction process of the model (Box 4). These systems show support for the C-DIB model that 283 
can be extended to other glacial–interglacial systems worldwide. 284 
 285 
[Place Box 4 here] 286 
 287 
Future extensions: From candidate species pools to realized communities 288 
While recognizing the inherent idiosyncrasies of many insular systems, we have presented a 289 
conceptual model that is deliberately simple with the aim of making general predictions using 290 
the fewest possible parameters (Marquet et al. 2014, Vellend 2016). The simple constraints 291 
proposed in the C-DIB model provide a powerful integrative framework to investigate the 292 
importance of trait-mediated colonization and extinction in island community assembly and the 293 
possible hysteresis that may emerge. However, in many natural systems, additional processes 294 
will narrow or alter the predicted candidate species pool to the set of species actually occurring 295 
on the island at any particular point in time. In the following section, we highlight how some of 296 
these processes can be integrated to extend the C-DIB framework to particular real-world 297 
systems. Moreover, mathematical and simulation models should provide means to evaluate the 298 
influence of these additional factors and their importance for particular ecosystems and 299 
landscapes. 300 
 301 
Time lags, extinction debts, and colonization credits 302 
The predictions of the C-DIB model assume that populations are at a steady-state with the 303 
environment (and its history) at a given ‘snapshot’ in time. However, the processes of 304 
colonization and extinction can be complicated due to factors such as stochastic elements of 305 
patch occupancy, relative rates of environmental change, and life histories of the species 306 
involved (Hanski and Ovaskainen 2003, Colwell and Rangel 2010, Leibold and Chase 2018). In 307 
part because colonization and extinction are probabilistic processes, time becomes an 308 
important factor in the likelihood of either event occurring. For example, the longer island 309 
conditions remain below the minimum area necessary to sustain a population of a given species, 310 
the more likely the species will become extinct from the insular community. Such realities can 311 
result in time lags and discrepancies between theoretical predictions and empirical 312 
observations (Tilman et al. 1994, Jackson and Sax 2010, Kitzes and Harte 2015). For example, 313 
what is termed ‘extinction debt’ can occur when an island shrinks below a size required to 314 
sustain a population: some species may persist in the patch for a while but are doomed to 315 
extinction.  316 
Similarly, ‘colonization credits’ can occur when island size has become sufficiently large 317 
and matrix conditions have become amenable, but species that could maintain their 318 
populations there have not yet colonized. These lags in predicted vs. realized island 319 
communities are likely to occur when the pace of environmental change is fast relative to the 320 
demographic rates of focal taxa. Existing theory and analytical approaches regarding the 321 
expansion and contraction of species distributions under dynamic environments as well as 322 
those concerning demographic processes linking population-level responses to environmental 323 
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change (e.g., Mouquet and Loreau 2003, Leibold et al. 2004, Engler et al. 2009, Anderson 2013, 324 
Estrada et al. 2015, Vellend 2016, Leibold and Chase 2018) are ripe for integration with the C-325 
DIB framework. 326 
 327 
Biotic interactions  328 
In the core C-DIB presented above, the effects of environmental constraints act independently 329 
on each species within the source pool irrespective of the composition of species occupying the 330 
given island community. In many insular systems, however, biotic interactions will undoubtedly 331 
play important roles in species establishment and persistence (e.g., Vannette and Fukami 2014). 332 
These include positive and negative effects such as exclusion, facilitation, trophic release, and 333 
priority effects (Cody and Diamond 1975, Fukami 2015). Interestingly, priority effects are 334 
themselves a form of hysteresis, and incorporating them into studies of extinction and 335 
colonization on dynamic islands has the potential to predict many complex outcomes.  336 
Other types of biotic interaction may also result in unexpected consequences. For 337 
example, the extirpation of predators can cause cascading effects that lead to primary 338 
consumers exhausting their resources (e.g., Estes et al. 2011). Moreover, increasing 339 
connectivity may result with equal likelihood in higher or lower species richness if some 340 
common species that occur at large spatial scales are also abundant in local communities 341 
(Mouquet and Loreau 2003, Leibold et al. 2004, Scheffer et al. 2006, Götzenberger et al. 2012, 342 
D’amen et al. 2017). Despite the difficulty in detecting and accounting for the effects of biotic 343 
interactions when estimating species distributions (e.g., Anderson 2017), recent work has made 344 
progress in elucidating the role of species traits in mediating direct and indirect interactions 345 
within populations and communities (Bolker et al. 2003, Werner and Peacor 2003, Lessard et al. 346 
2016). Understanding which traits determine the relevance and intensity of both negative and 347 
positive interactions offer future research opportunities to advance the C-DIB framework. 348 
 349 
Evolution on islands 350 
Finally, the C-DIB model assumes that the effects of evolutionary processes on island 351 
community composition are minimal. Speciation has been highlighted as an important 352 
consideration for older, more distant oceanic islands (Heaney 2000, Whittaker et al. 2008). 353 
However, speciation per se may not be of large consequence when inferring the past or future 354 
distribution of species, even over timescales on the magnitude of glacial–interglacial cycles 355 
(Heaney 2000). In contrast, the power of evolutionary and cultural adaptations to shape the 356 
traits relevant for colonization and extinction does have the potential to affect predictions of 357 
island community composition (Leimu and Fischer 2008). For example, body size evolution on 358 
islands is well established (Lomolino 2005) and likely influences extinction outcomes. While 359 
trait evolution is not as likely to be an issue when considering islands that cycle on relatively 360 
short time scales (e.g. disturbance-succession islands), it becomes more important with 361 
increasing duration of environmental cycles (e.g., Steinbauer et al. 2012). Glacial cycles occur 362 
on time scales of 10,000–100,000 years (Bennett 1990, Roy et al. 1996), and the assumptions of 363 
niche conservatism for relevant traits over these scales (e.g., Waltari and Guralnick 2009) are 364 
more likely met for large organisms with slower generation times (e.g., large mammals and 365 
trees). However, complications due to such factors are likely to be present for small organisms 366 
with fast generation times relative to the timescale of the cycle. Considering rates of evolution 367 
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in relation to timescales of environmental cycles and their influence on population and 368 
community dynamics is an important next step in advancing the C-DIB framework we have 369 
outlined here. 370 
 371 
Coda 372 
The C-DIB model builds on foundations laid by MacArthur and Wilson (1963, 1967) and many 373 
subsequent studies by integrating trait-based constraints on colonization and extinction in 374 
insular systems with environmental and spatial characteristics that cycle through time. Notably, 375 
it leads to novel predictions regarding hysteresis in island biogeography depending on the 376 
trajectory of environmental cycles. Such predictions provide a launching point to pursue 377 
empirical, mathematical, and simulation studies. In practice, the model has key implications for 378 
understanding the effects of habitat fragmentation on biodiversity as well as ongoing climatic 379 
shifts—two pervasive features of the Anthropocene. Recent availability of expansive biological 380 
and environmental datasets, the incorporation of functional traits into ecological theory (e.g., 381 
Enquist et al. 2015), and modeling tools such as those for ecological niche modeling (e.g., 382 
‘Wallace’; Kass et al. 2018) provide exciting opportunities to evaluate the C-DIB model across 383 
taxa in a variety of systems. Doing so should improve our understanding of the physical forces 384 
and biological constraints that act together on populations and communities that make up the 385 
spectacular diversity of life on Earth. 386 
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Box 1. Examples of island systems that undergo cyclical environmental changes and their 638 
predicted dynamics of size and connectivity. 639 
 640 
A) Continental or landbridge islands, B) Habitat islands (e.g., sky islands or other refugia of 641 
isolated habitats), and C) Fragmentation islands. The dashed blue arrows show the temporal 642 
progression of the system through environmental cycles. Islands are highlighted (or outlined) in 643 
orange and the mainland source in purple. The arrows connecting source to island are colored 644 
based on current island connectivity.  645 
 646 
Environment change drives cyclical variation that influences area and connectivity. For example, 647 
continental Islands (A) form as they are isolated by rising sea level, followed by a gradual period 648 
of extinction as the island progressively shrinks towards inundation. Afterwards, connectivity is 649 
reestablished once the mainland is connected, allowing rapid colonization. In contrast, habitat 650 
islands (e.g., sky islands (B)) are isolated by varying degrees of environmental gradients, and 651 
long-term climatic cycles (e.g., glacial–interglacial) cause gradual changes in both area and 652 
connectivity. Gradual phases of extinction and colonization alternate, tracking environmental 653 
change. The system cycles repeatedly in a predictable way, although the duration and 654 
amplitude of each phase may vary. Lastly, in fragmentation islands (C), over short time scales 655 
natural or anthropogenic disturbances isolate habitat patches, which may eventually reconnect 656 
to contiguous areas of similar habitat as succession occurs within the intervening matrix. An 657 
initial wave of extinction accompanies a rapid decrease in area and connectivity. If the matrix 658 
recovers, a slower period of recolonization will occur as area and connectivity gradually 659 
increase. In different systems, cycles may occur repeatedly and predictably depending on the 660 
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cause and duration of disturbance. While these and many systems will show covariation in 661 
island size and connectivity, such concordance is not necessary for the model to make 662 
predictions. 663 
664 
  19 
Box 2. The Constraint-based model of Dynamic Island Biogeography illustrated for 665 
populations of a single hypothetical species over space and time. 666 
 667 
 668 
Consider a landscape where climatic shifts and associated cycles of glaciation create a series of 669 
dynamic mountaintop islands of suitable mesic forests (green areas) among vast unsuitable 670 
desert habitat in the lowlands (brown areas). During cooler, wetter glacial periods (T1), the 671 
islands of forest habitat are large and the low valleys that separate them from the ‘mainland’ 672 
forested mountain range (top of each frame) are relatively mesic. This allows populations to 673 
colonize (dark blue dotted arrows) islands A, B, and C. As the climate warms during an 674 
interglacial period, the area of suitable habitat will contract as cooler and wetter climates 675 
associated with mesic forests recede to higher elevations. The intervening valleys become 676 
hotter, drier, and less suitable (T1 –> T3). Over this period, populations will become extirpated 677 
from islands that have contracted to become smaller than the minimum area necessary to 678 
support a viable number of individuals (e.g., islands A and C). As the cycle continues (T3 -> T4), 679 
some islands will regain suitable habitats large enough to support populations. Despite having 680 
sufficient suitable habitats, re-colonization will not occur because the intervening matrix is not 681 
suitable (T4, islands C and D). Moreover, the area of suitable conditions on island A remains too 682 
small. At time T4, the species is only expected to occur on island B where a period of suitable 683 
conditions for colonization was followed by a continuous period of island size above the 684 
minimum threshold to support a viable population. At T2 and T4, the system shows hysteresis – 685 
where due to previous environmental conditions the species is distributed on different islands 686 
despite identical current conditions.  687 
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Box 3. The Constraint-based model of Dynamic Island Biogeography illustrated for 688 
communities over two environmental cycles varying in magnitude. 689 
 690 
Consider a single isolated mountaintop 691 
habitat island and a suite of species 692 
associated with mesic forests to different 693 
degrees. As the environment is altered by 694 
climatic shifts associated with glacial cycles, 695 
the island changes size and is isolated to 696 
varying degrees by arid, non-forested areas. 697 
Because of species-specific environmental 698 
tolerances, each species requires a 699 
different level of island connectivity to 700 
colonize across the matrix. Moreover, 701 
differences in body size lead to interspecific 702 
differences in the minimum island area 703 
necessary to support a viable population 704 
(see species pool ‘trait key’ in top left). This 705 
example progresses through two 706 
environmental Cycles (I and II) that both 707 
start during a period of high connectivity, 708 
when the island is inhabited by the full set 709 
of forest-restricted species found on a 710 
‘mainland’ mountain range.  711 
 During these cool, wet glacial 712 
periods (e.g., T1 in Cycle I and II), the island 713 
of forest habitat will be large and the low 714 
valleys that separate it from the mainland 715 
range will be relatively mesic. As the climate warms during an interglacial period, the forest 716 
habitat contracts as moist climates recede to higher elevations while the intervening valleys 717 
become warmer and drier (e.g. T1 -> T3 in Cycle I). Over this period, species will be lost to 718 
extinction as the island’s size decreases. Traits influencing the area required for sustaining a 719 
viable population will dictate the order in which species disappear. In this case, we consider 720 
body size and assume that larger species require larger islands. Transitioning back towards a 721 
glacial period causes the climate to cool, and the island once again increases in size, restoring 722 
the capacity to support all of these mesic-forest species (T3 -> T5 in Cycle I). However, the 723 
likelihood of recolonization will depend on the ability of each species to traverse the 724 
intervening matrix between island and mainland. In the case of these species, connectivity 725 
across the low-lying valleys at a given time is determined by tolerance to arid conditions. 726 
Following the environmental cycles demonstrates the role of hysteresis in impacting 727 
community composition. In T2 and T4 of Cycle I, identical island conditions are associated with 728 
different species. This is because the composition of species is influenced not only by the 729 
current environmental state but also the historical trajectory in the glacial cycle. 730 
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 The added influence of the magnitude of earlier environmental cycles is evident in Cycle 731 
II. After experiencing a particularly warm interglacial period and very small island size (T4 Cycle 732 
II), the system returns to intermediate conditions (e.g., T6 in Cycle II). However, the 733 
compositions of species present on the island in T5 and T6 in cycle II are novel for those 734 
environmental conditions. They differ from those of any other time period with the same 735 
environmental conditions in either environmental cycle. The asterisks (orange: times T2 and T4 736 
in Cycle I and T2 and T6 in Cycle II; red: times T3 in Cycle I and T3 and T5 in Cycle II) indicate 737 
island communities that exhibit hysteresis, where identical environmental conditions are 738 
characterized by different communities due to environmental history. 739 
740 
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Box 4. Hypotheses and predictions of the Constraint-based model of Dynamic Island 741 
Biogeography (C-DIB). 742 
 743 
Hypothesis 1: Colonization probabilities vary among species according to the ability of 744 
individuals to cross the matrix and the species’ affinity to the conditions in the matrix between 745 
mainland and island. The C-DIB model predicts that at the Population-level, a species will only 746 
be present on islands where at previous time periods the distance to the mainland was within 747 
individual dispersal range, or where suitability during indicated connectivity to the ‘mainland’. 748 
This emerges at the Community-level where, the C-DIB model predicts that insular communities 749 
will be overrepresented by species that had sufficiently small distances for individuals to 750 
traverse, or greater connectivity in the matrix during the previous cycle (e.g., last glacial 751 
maximum in montane and continental shelf systems; Box 1). 752 
 753 
Hypothesis 2: Once present on the island, extinction probabilities will vary among species 754 
according to the area required for sufficient resources to sustain a population. In general, larger 755 
species require greater areas and so would be absent from the smallest islands. The C-DIB 756 
model predicts that at the Population-level, species will only be present on islands whose area 757 
is at or above that predicted necessary to sustain minimum viable population (Box 2). This leads 758 
to a Community-level prediction that each insular community will be underrepresented by 759 
species of the largest body sizes relative to the ‘mainland’. 760 
 761 
Hypothesis 3: Some islands may have suitable habitat that is sufficiently large in the present for 762 
a given species, yet the species is absent. This relates to the hysteresis prediction of the C-DIB 763 
model as it applies to the Population-level. Species are predicted only to be present on islands 764 
that have maintained suitable island size following a period of favorable island connectivity. 765 
This lends to Community-level prediction of asymmetric community compositions contingent on 766 
past environments (Box 3). 767 
